Ninety boys, aged 13-53 months, undergoing repair of hypospadias, were allocated randomly to receive 0.8 ml kg 91 of one of three solutions into the caudal extradural space: group B received bupivacaine 2 mg kg 91 , group T received tramadol 2 mg kg 91 in 0.9% saline and group BT a mixture of both. Postoperative pain was assessed hourly for 12 h after injection using a modified TPPPS pain score and additional analgesia was administered to those children whose pain scores were 93/10.
Although administration of bupivacaine into the caudal extradural space has been our standard method of providing postoperative analgesia for hypospadias repair, a single injection may have only a relatively short duration of action. [1] [2] [3] [4] Placement of a catheter into the extradural space either at the caudal or lumbar region adds to the risk of infection and tends to prevent early mobilization. 5 Attempts to overcome these problems by combining local anaesthetic agents with other drugs such as adrenaline, 1 2 clonidine, 2 ketamine 2 3 or various opioids 4 6-10 have met with varied degrees of success. Problems with emesis, sedation, nausea, itching or respiratory depression have limited their usefulness. 11 Tramadol, a synthetic 4-phenyl-piperidine analogue of codeine, has been available in the UK since 1994, although is it licensed only for use in children aged 912 yr. Tramadol is a racemic mixture of two enantiomers, (;)-tramadol and (9)-tramadol. The (;)-enantiomer has a moderate affinity for the opioid receptor, greater than that of the (9)-enantiomer. 12 In addition, the (;)-enantiomer inhibits serotonin uptake and the (9)-enantiomer is a potent noradrenaline inhibitor, complementary properties which result in a synergistic antinociceptive interaction between the two enantiomers. 12 The result is an opioid with a striking lack of respiratory depressant effect despite an analgesic potency approximately equal to that of pethidine. [13] [14] [15] Furthermore, animal work has suggested that tramadol may have a selective spinal action. 16 17 Tramadol has been shown to provide effective, long lasting analgesia after extradural administration in both adults 18 19 and children 20 and prolongs the duration of action of mepivacaine used for brachial plexus block. 21 We wished to determine if caudal tramadol could provide effective, long lasting analgesia and if the addition of tramadol to bupivacaine would significantly extend the duration of analgesia produced by bupivacaine alone.
Patients and methods
After obtaining local Ethics Committee approval and written, informed parental consent, we studied 90 healthy boys, ASA I-II, aged 13-53 months, who required surgical repair of hypospadias. Those children receiving medication likely to have interactions with opioids or cause sedation, those in whom caudal analgesia was contraindicated and those being discharged on the day of surgery were excluded.
No premedication was used. . No other peroperative analgesia was given. Anaesthesia was discontinued when the wound dressing had been applied; residual neuromuscular block was antagonized with neostigmine 50 g kg
91
, given together with atropine 20 g kg
, and the patient's trachea was extubated before transfer to the recovery area.
When the patient was awake in the recovery area, heart rate, arterial pressure, peripheral oxygen saturation, ventilatory frequency and pain score were recorded before discharge to the surgical ward. On arrival in the surgical ward a research nurse, who was unaware of the nature of the caudal injection, performed hourly observations until 12 h after the caudal injection. A TPPPS pain score, 22 modified to give a maximum score of 10 (table 1) Mean age, weight, pain and sedation scores, and time to additional analgesia in each group were compared with each other using one-way analysis of variance (ANOVA) with post hoc comparisons using the Bonferroni multiple range test. The Pearson chi-square test with Fisher's exact test were used to compare the incidence of use of postoperative urinary catheters and complication rates in the three groups.
Results
Median age and weight of the patients were similar in all three groups (table 2). There were significantly more patients requiring additional analgesia in the recovery room immediately after surgery in group T compared with the two other groups (P:0.04) (table  2) . Mean hourly pain scores in the three groups who left the recovery room without first requiring additional analgesia were similar from 4 h after injection and thereafter. However, the mean score in group T was significantly higher than that in groups B and BT 3 h after injection ( fig. 1 ).
Mean duration of analgesia for those patients who left the recovery area without first requiring additional analgesia did not differ significantly between groups (table 3) .
There were no significant differences between the three groups in mean hourly sedation scores or ventilatory frequencies. Although the incidence of Table 1 Modified TPPPS pain score. The same variables validated in the original score were used, but scored so that the maximum score was 10, rather than 7 as in the original. The five pain behaviour items were scored hourly during a 5-min observation period. Each variable was defined as in the original TPPPS score 22 emesis was higher in both tramadol groups (T and BT) than in the bupivacaine group, the differences were not statistically significant (table 4). The incidence of pruritus and numbness was low in all groups. Surprisingly, the incidence of noticeable facial or more generalized flushing, or both, exceeded 30% in all three groups, although it was not obviously distressing to the individuals affected.
Variable

Discussion
We have found that tramadol, when injected into the caudal extradural space, produced useful analgesia for up to 12 h after hypospadias surgery. However, if the period of time between performing the caudal injection and recovery of the child from anaesthesia was :2 h, the incidence of immediate pain (requiring rescue analgesia) was high (30%), demonstrating a slow onset of action of caudal tramadol. However, if the operation was longer, then caudal tramadol produced good quality analgesia for an average of 10.7 (2.2) h. Although adding tramadol to our usual dose of caudal bupivacaine slightly prolonged the mean duration of action of bupivacaine, the difference was not statistically significant. Studies in rodents 16 17 suggested that tramadol has a selective spinal action similar to that of other opioids. This view was supported indirectly by one clinical study in adults which found much lower serum concentrations of tramadol after extradural injection 24 than were described subsequently after i.v. injection. 25 It is not clear if the delay in onset of tramadol analgesia observed in our study was caused by slow absorption across the dura or slow uptake of tramadol from the extradural space into the systemic circulation. Tramadol has a lipid solubility comparable with that of morphine, which may account for its slow onset of action. However, most clinical studies that have examined the effects of extradural tramadol 18-20 26 have used dose regimens that are broadly similar to those used i.v. 13-15 27-30 Furthermore, preliminary results from our on-going pharmacokinetic study, which have shown that mean serum concentrations 2-8 h after either i.v. or caudal injections of tramadol are not significantly different, tend to support the view that systemic absorption of extradural tramadol may be necessary for its action.
Although a previous study demonstrated that tramadol, when added to mepivacaine, significantly prolonged the duration of brachial plexus block, 21 we could not demonstrate that the addition of tramadol prolonged significantly the action of caudal bupivacaine. However, the mean duration of action of caudal bupivacaine in our study appeared somewhat longer than that found in previous studies. 2 9 31 32 Differences in the operations performed, method of pain scoring, bupivacaine dose and volume, and calculation of analgesia time probably account for this discrepancy.
Eleven or 12 children in each group (37-40%) required an indwelling urinary catheter for some days after surgery; there was no significant difference in this incidence between groups (P:0.61) (table 2). Often the first indication for additional analgesia in these children was related to acute attacks of "bladder spasm". These short-lasting periods of intense discomfort seem peculiar to children requiring an indwelling urinary catheter after hypospadias surgery, for surgical reasons, and it is possible that the duration of tramadol analgesia may be longer in patients not subject to such problems. The duration of analgesic action was taken as the time from caudal injection to first administration of supplementary analgesia. If by 12 h no additional analgesia had been required, we assumed for the sake of comparison that the duration of analgesia was 12 h, although it is possible that useful analgesia may have continued for longer. However, logistical problems dictated that further observations were impracticable and after the 12 h observations were complete, there was a tendency for prophylactic paracetamol analgesia to be given by the ward nurses to any patient who was still awake. All patients were managed successfully with paracetamol alone after this time. In conclusion, we have shown that when a single caudal injection of tramadol was used in young children it provided analgesia for up to 12 h without a significant incidence of side effects. However, the slow onset time of caudal tramadol necessitated that it was given with a local anaesthetic agent such as bupivacaine to ensure good analgesia on recovery from anaesthesia. As an adjunct to bupivacaine, tramadol may prove more useful in young children and infants than other opioids because of its lack of respiratory depressant effects. However, this property may imply that there is little advantage in injecting tramadol into the extradural space and that i.v. administration may be equally efficacious. Further dose-ranging and pharmacokinetic studies in young children are required before the optimum route of administration of tramadol can be determined.
